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Abstract: Family caregivers of older people who need care often experience sleep disorders, which
can lead to various health problems. Although respite care is used in many countries, its effectiveness
has not been fully demonstrated. We analyzed the sleep of family caregivers using actigraphy and
heart rate spectral analysis to clarify changes in their sleep characteristics during short-stay respite
care. Participants were all family caregivers living with an older person needing long-term care.
The outcomes consisted of questionnaire responses, sleep/wake records, and R-wave to R-wave
interval records. Quantitative evaluation of sleep revealed that caregivers’ median sleep time was
378.0 min, and median sleep efficiency was 94.7%. The low frequency (LF)/high frequency (HF) value
was 1.722 for total sleep and 1.822 for the first half of the sleep period. The LF/HF for the first half of
the sleep period was significantly different between caregiving and respite days. The respite day
LF/HF was 1.567, which was significantly lower than on caregiving days. On respite days, cardiac
sympathetic nervous activity among family caregivers was reduced during the first half of the sleep
period. This suggests that regular use of short-stay services can improve caregivers’ sleep status,
making this an effective form of respite care.
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1. Introduction

The number of people with dementia worldwide was approximately 50 million in 2018 and is
expected to increase to approximately 82 million by 2030 [1]. In Japan, it has been estimated that the
number of people with dementia will reach 7 million by 2025 [2]. It is customary in Japan for adult
children to take care of their parents, and the nearly 60% of recipients of long-term nursing care live
with one or more family members [3].

It has been reported that family caregivers may suffer from various health problems [3,4].
In particular, two-thirds of family caregivers for people with dementia have experienced a sleep
disorder [5]. Sleep disturbances increase the risk of obesity, diabetes, and cardiovascular diseases [6–9].
Features of sleep disorders among these caregivers include shortened sleep time, decreased sleep
efficiency, wake after sleep onset (WASO), and less slow-wave sleep [10–13]. Nocturnal awakening
is associated with the activation of sympathetic nerve activity [9]. Previously, we reported that the
caregivers of people with ambulatory dementia were more likely to experience excessive sympathetic
nerve activity during sleep, in comparison with other individuals in the same age range, with particular
impairment to relaxation during the first half of the time asleep [14]. Previous studies investigating
sleep and health among caregivers of people with dementia have also suggested that sleep disorders
are associated with an increased risk of cardiovascular disease [7–9]. The health of family caregivers
for people with dementia may therefore be negatively affected by impaired sleep. Belenky et al. [15]
demonstrated enhanced daytime sleepiness and increased instances of tripping when the total sleep
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time was limited to ≤ 5 h. Furthermore, they reported that restoring sleep time improved sleepiness
and the number of instances of tripping from the first day, with patterns returning to normal on the
third day.

Respite care is used in many countries around the world as a strategy to support people with
dementia [16–18]. However, few studies [19,20] have verified its efficacy using objective indices.

Relaxation [21], massage [22], and short-stay services [19] have been evaluated as forms of respite
care that support the sleep of caregivers. The term “short-stay services” describes a type of respite
care in which the care recipient is temporarily cared for overnight or for several nights by someone
other than their family caregiver, to allow the family caregiver time to rest. It is recommended that
individuals providing continuous care at home to a patient with dementia make use of this nursing
care service. This study focused on respite care using short-stay services, to examine its effects on sleep
support for family caregivers. A previous study on sleep during the short-stay respite care period
used actigraphy to compare participants’ sleep during periods of caregiving and respite care; the study
findings showed that caregivers who normally experienced WASO slept for longer periods during the
respite period [19]. Another study among caregivers of people with dementia also found that their
sleep time was longer during the respite period than while providing care [20]. These two studies
indicate that respite care results in quantitative improvement of sleep among caregivers; however, the
quality of sleep was not objectively evaluated.

In this study, we hypothesized that respite care using short-stay services would relieve caregivers
of worry and anxiety related to caregiving, reducing tension during sleep and increasing sleep quality.
We analyzed the sleep of family caregivers using actigraphy and heart rate spectral analysis to clarify
changes in participants’ sleep characteristics with the use of short-stay respite care.

2. Materials and Methods

2.1. Participants

Participants were all family caregivers (hereafter, “caregivers”) living with an older person
needing long-term care. Caregivers regularly used respite care with short-stay services. The selection
criteria were: (1) individuals providing nursing care for people with dementia or individuals providing
nighttime care, and (2) men or menopausal women, to minimize the effects of female hormones on
sleep. We calculated the sample sizes using low frequency (LF)/high frequency (HF) during the sleep
of caregivers of patients with dementia and caregivers from a previous study [15] as a reference.
The required sample size was 11 when the detection rate was set to 80% and the significance level was
set to 0.05.

Participants were recruited by providing a verbal explanation with supporting documentation to
the staff of 27 home caregiving support centers in two cities and two towns in Prefecture I and requesting
their cooperation in recruiting participants. We requested the participation of four institutions in the
recruitment of participants. A total of 20 caregivers met the participation criteria. The staff distributed
the study outline and application forms to 20 family caregivers together with stamped, self-addressed
envelopes. Intention to participate in the study was confirmed by returning the application form.

2.2. Procedures

This study was carried out between 1 July 2015 and 28 February 2017. Researchers contacted
potential participants who had returned the application form by telephone to confirm their intention
to participate. Arrangements were then made to confirm a date and time for a visit. The conditions for
the study nights were: (1) participants had no plans to attend any particular event, (2) the person with
dementia should be at home on the night of the caregiving day, and (3) the respite day should be a
night on which the caregiver is receiving respite care with short-stay services. Considering the physical
and mental stress caused by caregiving, the survey of respite care was set to start on the second day
after initiation, excluding the last night of the respite care period. Considering the effect of seasons on
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sleep, the interval between respite and caregiving days was set at a maximum of 1 month. To minimize
the effect on sleep of wearing the testing equipment, participants were divided into two groups based
on the order in which applications were received, with one group starting with the caregiving day and
the other group starting with the respite day.

One week before the first test day, a self-administered questionnaire was sent to all participants.
The participants were visited at home four times during the study. Study data were collected using the
questionnaire. A heart rate sensor (WHS-1; Union Tool Co., Tokyo, Japan) and actigraph (Micro Mini;
Ambulatory Monitoring, Inc., Ardsley, NY, USA) were lent to each participant, and a sleep journal was
provided, in which participants were asked to write on the day following the study night.

Before going to sleep, each participant fixed the heart rate sensor to the specified site, switched
it on, and checked whether the light was flashing to indicate proper functioning, and then fitted the
actigraph onto the wrist of their non-dominant hand. The following morning, each participant removed
the heart rate sensor and the actigraph. The researchers explained to participants that they could
perform household chores and caregiving as normal and did not need to worry about the actigraph
getting wet. Participants were informed that they could remove the heart rate sensor and actigraph if
the devices were interfering with their sleep.

The researchers visited participants’ homes the next day to collect the testing equipment and sleep
journals. Participants were asked whether they had slept as usual the previous night. The study was
limited to one night of caregiving and one night of respite care, to reduce the burden on caregivers.

2.3. Outcome Measures

2.3.1. Sleep/Waking

Activity levels were recorded using an actigraph and analyzed with AM2 software (Ambulatory
Monitoring, Inc., Ardsley, NY, USA) using the zero-crossing mode [23] with 1-minute intervals. Sleep
journals were used as the supporting data in the sleep analysis. The sleep variables, determined with
the actigraph, were:

• Bedtime;
• Wake-up time;
• Sleep time: total duration of sleep in minutes (i.e., time spent in sleep between sleep onset and

wake time);
• Sleep efficiency: (sleep time/time in bed) × 100;
• Sleep latency: time in minutes between going to bed and sleep onset;
• Amount of time scored as awake between sleep onset and wake time (WASO).

2.3.2. Autonomic Nervous System Activity

A spectral analysis of heart rate variability was used as a non-invasive assessment to quantify
and evaluate autonomic nervous activity. Heart rate sensors were used to record the R-wave to
R-wave (R–R) intervals of heart activity during sleep. The recorded data were analyzed using the
dedicated software viewer. The power spectrum was quantified into high and low frequencies using
standardized frequency ranges, where low frequency (LF) was 0.04–0.15 Hz and high frequency (HF)
was 0.15–0.4 Hz. HF ranges, shown as mean amplitude, were calculated as the square root of (2 × HF).
Heart rate variability was evaluated every 5 min. In this study, LF/HF was used as an index for cardiac
sympathetic nervous activity balance. A higher LF/HF value was considered to show increased cardiac
sympathetic nervous activity.

Sleep time was defined as the period of time from first entering sleep until waking up in the
morning. Autonomic nervous activity was assessed across the total sleep time and for both the first
and second half of sleep time. The first and second halves of sleep time were divided by the median
sleep period.
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2.3.3. Questionnaires

The basic participant data included caregiver demographic information, occupation, number
of cohabitants, height, weight, lifestyle habits, health status, Pittsburgh Sleep Quality Index (PSQI)
score, and caregiving period. We also investigated patient attributes, their association with caregiving,
patients’ diseases, the Barthel Index, and Dementia Behavior Disturbance Scale (DBDS) score.

The PSQI was developed in 1988 by Buysse et al. [24] to screen sleep disorders. Doi et al. [25]
developed a Japanese version of this self-administered questionnaire in 1998. The PSQI contains
19 questions, plus five more questions for individuals sleeping together in the same bed or room.
The 19 questions are summarized as seven component scores, and participants are assessed over four
levels, with scores from 0 to 3 points. If the total score (0–21 points) for each component is ≥ 5.5 points,
the participant is judged to have a sleep disorder.

The Barthel Index is a scale for evaluating independence in daily living. Its reliability has been
confirmed by Mahoney et al. [26]. Scores ranging from 0 to 10 points are distributed across 10 items
relating to activities of daily living, and participants are evaluated according to their total score.
Being totally independent in activities of daily living equals a score of 100 points.

The DBDS [27] is a scale for evaluating behavioral disorders and psychiatric symptoms
accompanying dementia. The scale contains 28 items and is evaluated across five levels, depending on
the frequency of appearance of each item (never: 0, hardly ever: 1, sometimes: 2, often: 3, and very often:
4). A higher total score indicates a greater frequency of behavioral disorders and psychiatric symptoms.

2.4. Ethical Considerations

This study conformed to the provisions of the 1995 Declaration of Helsinki (as revised in Edinburgh
in 2000). The study was approved by the Institutional Review Board of Kanazawa Medical University
(Approval Nos. 250 and 263) and the Institutional Review Board of Ishikawa Prefectural Nursing
University (Approval No. 266).

Participants were provided with a written explanation, including an outline of the study. They were
assured that there were no disadvantages in choosing not to participate in the study, that they could
subsequently withdraw their consent, and that due consideration would be given to protecting their
privacy. Participants’ consent was obtained in writing. The study required that participants wear
testing equipment, so their intention to participate was confirmed three times (upon return of the initial
questionnaire by mail, upon telephone confirmation of a date and time for the visit, and at the initial
study visit), to ensure that participants had adequate opportunity to refuse participation if they wished.

When handling data, application forms containing personal information were allocated ID
numbers and stored in a lock-fast locker, separate from the study data. The questionnaires and study
data relating to caregiving days and short-stay respite care days were compared using ID numbers.

2.5. Statistical Analysis

SPSS version 17.0J (SPSS, Chicago, IL, USA) was used for the statistical analysis. A paired Wilcox
signed-rank test was used to compare sleep status on caregiving and respite days. The level of statistical
significance was set at < 5%. Measurement values are shown as median (25–75th percentile) unless
otherwise specified.

3. Results

In total, 17 people participated in the study. Of these, 10 participants were included in the analysis.
Seven participants were excluded for the following reason: following the first survey, three participants
stopped the second survey, because the care recipient entered a special nursing home for old people.
Two participants took off their heart rate sensors during sleep. Two participants responded that they
had an unplanned visit on the next day of survey and “did not sleep as usual.”
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3.1. Participant Characteristics

The mean age of participants was 65.05 ± 9.7 (range: 48–83) years, with four men and six women.
Two participants had two cohabitants and eight had three or more cohabitants. Five participants were
employed. Six participants responded that their health status was fair, three reported that they were
unsure, and one did not respond. One participant had a body mass index of >25. One participant
had hypertension and was taking a calcium antagonist; one participant was taking a sleep inducer.
On both test days, participants were instructed to take their medication as usual. No participants were
taking tranquilizing agents or female hormone supplements. The mean PSQI among participants was
5.8 ± 1.3, with six participants having scores of ≥5.5.

The care status shown in Table 1. Three participants were caring for their spouse (30%), five
were caring for a parent (50%), and two cared for their spouse’s parent (20%). The average length
of time for which the caregiver had been providing care was 5.0 ± 2.9 years. Four participants were
providing care at night. The average patient age was 83.2 ± 11.8 years. The average Barthel Index
was 46.0 ± 29.3. Seven care recipients had been diagnosed with dementia, and the mean DBDS was
24.4 ± 12.6. Three participants answered “never” when asked whether their care recipient awoke at
night for no particular reason, and six answered “never” when asked whether their care recipient
with dementia walked around the house at night. Two participants answered “never” to both of
these questions.

Table 1. Care status information.

n = 10 n (%) or Mean ± SD (Range)

Years spent caregiving 5.0 ± 2.9 (1.0–10.0)
Nighttime caregiving (yes) 4 (40.0)
ZBI score 33.9 ± 9.9 (22–46)
Patient characteristics
Age(y) 83.2 ± 11.8 (57–92)
Sex Male 4 (40.0)

Female 6 (60.0)
Relationship to patient

Spouse 3 (30.0)
Own parent 5 (50.0)
Spouse’s parent 2 (20.0)

Cerebrovascular disease (yes) 2 (20.0)
Dementia (yes) 8 (80.0)
Barthel Index score 46.0 ± 29.3 (0–85)
DBDS score (n = 7) 24.4 ± 12.6 (8–45)

Patient 15 1 (never) 3 (30.0)
Patient 16 2 (never) 6 (60.0)

1 Patient 15 wakes up at night for no obvious reason. 2 Patient 16 wanders in the house at night. Abbreviations:
Zarit Burden Interview (ZBI); Dementia Behavior Disturbance Scale (DBDS); standard deviation (SD).

3.2. Sleep Status on Caregiving Day

The sleep status shown in Table 2. Among caregivers, the median bedtime was 0:17 (23:12–1:11)
and the median wake-up time was 6:06 (5:50–6:57). The quantitative evaluation of sleep revealed that
the median sleep time was 388.0 (346.0–453.5) min, and median sleep efficiency was 96.1 (91.6–99.6)%.
Median values for sleep latency and WASO were 12.0 (6.5–21.0) min and 16.5 (1.75–32.8) min,
respectively. The LF/HF value was 1.722 for total sleep and 1.822 for the first half of the sleep period.
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Table 2. Caregivers’ sleep status on caregiving days and respite days.

n = 10 Caregiving Day Respite Day p-Value

Actigraphy
Bedtime, 24-hours clock ±min 0:17 (23:12–1:11) 23:35 (23:02–0:24) 0.185
Wake-up time 6:08 (5:54–6:39) 6:06 (5:50–6:57) 0.646
Sleep time (min) 378.0 (340.3–481.8) 388.0 (346.0–453.5) 0.386
Sleep efficiency (%) 94.7 (91.2–97.5) 96.1 (91.6–99.6) 0.508
Sleep latency (min) 14.0 (3.3–34.5) 12.0 (6.5–21.0) 0.359
WASO (min) 14.0 (4.5–24.3) 16.5 (1.8–32.8) 0.507

HRV
HF amplitude (ms)

All sleep 3.172 (2.464–5.880) 3.680 (2.495–4.439) 0.959
First half of sleep 3.507 (2.260–6.372) 3.880 (2.162–5.262) 0.508
Second half of sleep 2.869 (1.773–5.514) 3.185 (2.682–3.493) 0.721

LF/HF
All sleep 1.722 (1.410–2.260) 1.567 (1.213–2.311) 0.285
First half of sleep 1.822 (1.298–2.695) 1.392 (1.015–2.558) 0.013 *
Second half sleep 1.714 (1.381–2.192) 1.850 (1.549–2.558) 0.721

Value provided are median (25–75th percentile); Abbreviations: heart rate variability (HRV); high frequency (HF);
low frequency (LF); * significant difference between groups.

3.3. Comparison of Sleep on Caregiving Days and Respite Days

No significant differences were noted between caregiving and respite days in terms of bedtime,
wake-up time, sleep time, sleep efficiency, sleep latency, or nocturnal awakening time. The respite
day LF/HF was 1.392 for the first half of sleep, which was significantly lower than on caregiving days
(p = 0.013). Upon comparing the differences between caregiving and respite days between those who
worked and those who did not, the group that was working showed a greater difference than the group
that did not work (0.790 vs. 0.210, p = 0.032). The LF/HF value for the second half of sleep on respite
days was approximately the same as on caregiving days. No significant differences were noted for the
total sleep period, but the LF/HF values were lower on respite days. No significant differences were
noted between HFs on respite and caregiving days.

4. Discussion

In this study, we compared sleep/waking records and family caregiver sleep status on one
caregiving night and one respite night, as an index for autonomic nervous sleep activity. The results
demonstrated that on respite nights, the cardiac sympathetic nervous activity of caregivers was lower
during the first half of the sleep period.

4.1. Participant Characteristics

Compared with the characteristics of family caregivers in Japan as a whole [3], our participants
included a higher proportion of people providing care for their older parents. The National Livelihood
Survey [3] has reported that 43% of caregivers in Japan are the spouse of the care recipient; the
remainder are people caring for their parents (37%) or parents-in-law (17%). In this study, 75% of
participants were caring for parents. In total, 30% of older people in Japan live with their children, but,
in this study, approximately 70% of care recipients were living with their children. The high percentage
of two-generational households might at least partly explain the higher proportion of adult children
providing care in this study.

4.2. Caregiver Sleep Characteristics

Previous studies [28–31] have reported PSQI values of ≥ 6.1 for caregivers of people with dementia.
The PSQI of caregivers in our study was lower at 5.8. The sleep time of participants in our study ranged
from 5.9 to 8.1 hours, similar to that reported in previous studies on sleep time of caregivers for people
with dementia [29–33]. The sleep efficiency of our study participants was 94.7%, which was higher
than the <90% reported in previous studies [29–33]. The investigation of sympathetic nervous activity
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during sleep revealed that the LF/HF value for the first half of the sleep period on the caregiving day
was near the upper limit of standard range [34], indicating that sympathetic nervous activity was
dominant even though participants were resting. This result was similar to previous reports of LF/HF
during sleep of family caregivers for people with ambulatory dementia [14].

These findings indicate that our study participants had relatively good sleep efficiency. However,
sympathetic nervous activity was increased during sleep and PSQI scores exceeded those of the sleep
disorder screening criteria, suggesting that caregivers’ sleep was not of very high quality.

4.3. Comparison of Caregiver Sleep on Caregiving and Respite Days

We found no significant differences between sleep time, sleep efficiency, sleep latency, or WASO
time on caregiving and respite days. A similar study using actigraphy found that the caregivers of
people with ambulatory dementia had prolonged sleep time and decreased WASO during the respite
period [20]. In our study, the sleep efficiency of participants on caregiving days was 94.7%, suggesting
that most participants did not experience either difficulty getting to sleep or problematic WASO.
Over half of our participants were employed, and 80% had a cohabitant other than the person with
dementia. These factors may explain why there were no marked changes in caregiver sleep or waking
times, even when the person with dementia was not at home.

The investigation of autonomic nervous activity during sleep revealed that cardiac sympathetic
nervous activity in the first half of the sleep period on respite days was weaker than on caregiving
days. The values were similar to the LF/HF of 1.41 for the first half of the sleep period in non-caregivers
reported in our previous study [14]. This suggests that on respite days, caregivers were under similar
levels of stress as non-caregivers. A total 80% of participants responded that the person they were
caring for woke during the night for no reason or walked around the house, and 40% were providing
care at night. This suggested that participants were worried about their care recipient’s behavior and
health, even at night. Relieving caregivers of the need to provide care with the use of respite care
reduced their nighttime worries about caregiving, thereby reducing their sympathetic nervous activity
during the first half of the sleep period.

Healthy adults show diminished sympathetic nervous activity upon entering sleep, with
parasympathetic nervous activity becoming dominant as sleep deepens [35]. As the individual
research stages 3 and 4 of non-rapid eye movement sleep, the secretion of growth hormones is
promoted [36,37]. Growth hormones promote cell proliferation and adjust metabolism, helping to
maintain good health. It is known that sympathetic and parasympathetic nerve activity are antagonistic
and only one is activated at a time. The high levels of sympathetic nervous activity during the first
half of our participants’ sleep period may have interfered with the deep sleep that usually occurs
directly upon entering sleep. No differences in parasympathetic nervous activity were observed on
caregiving days and respite days in our study, but sympathetic nervous activity on respite days reached
the standard levels that occur during rest. This shows that the balance between sympathetic and
parasympathetic nervous activity has been improved.

The triggering of sympathetic nervous activity is associated with elevated blood pressure.
One large-scale study [38] suggested that individuals whose nocturnal blood pressure did not decrease
were at higher risk of cerebral and cardiovascular diseases than those with decreased nocturnal blood
pressure. The excessive increase in sympathetic nervous activity during the first half of the sleep period
noted among our participants on caregiving days may have interfered with the decrease in nocturnal
blood pressure. On respite days, sympathetic nervous activity among caregivers was approximately at
the same level as in non-caregivers [14]. The regular use of respite care may therefore reduce the risk
of cerebral and cardiovascular disease onset.

Our findings suggest that respite care using short-stay services can decrease sympathetic nervous
activity during the first half of the sleep period, resulting in qualitative sleep improvement. Regular use
of short-stay services for respite care may therefore support the health of family caregivers. This factor
is related to maintaining quality of life for the care recipient and care provider, thereby enabling the
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continuation of care at home. Our study findings suggest that home care team members (visiting
nurses and care managers) should proactively recommend the use of short-stay services to support
the health of family caregivers. Among the caregivers, those who work are expected to experience
improvements in sleep, especially through respite care.

4.4. Study Limitations

This study had a number of limitations. First, participants comprised only 10 family caregivers
of people with dementia or individuals providing nighttime care. The detection rate was 36.2%.
We calculated the sample size by assuming an LF/HF of 3.360 caregiving days from the previously
obtained sleep data of caregivers of ambulatory patients with dementia [14]. However, the actual
value was considerably lower (1.722), resulting in a low detection rate in the planned sample size.
Considering the burden on caregivers, the study period was set as one night of caregiving and one
night of respite care. However, additional long-term data are required to accurately determine sleep
status. It is therefore difficult to generalize the results of this study. However, despite the small sample
size, the objective data on autonomic nervous activity during sleep are important because they provide
further evidence of the value of respite care.

5. Conclusions

In this study, we examined the effects of respite care via short-stay services among family caregivers
of people with dementia or with nocturnal awakening. On respite days, cardiac sympathetic nervous
activity in family caregivers was reduced during the first half of the sleep period. This suggests that
regular use of short-stay services can improve sleep status among caregivers, making this an effective
form of respite care.

Author Contributions: Conceptualization, S.S. and Y.K.; data curation, S.S.; formal analysis, S.S; funding
acquisition, S.S.; investigation, S.S. and Y.K.; methodology, S.S. and Y.K.; project administration, S.S.; resources,
S.S.; validation, S.S. and Y.K.; visualization, S.S.; writing—original draft, S.S.; writing—review and editing, S.S.
and Y.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by JSPS KAKENHI grant number JP 26463512.

Acknowledgments: We thank the participants for their cooperation in this study. We thank Melissa Leffler, MBA,
from Edanz Group (https://en-author-services.edanzgroup.com/) for editing a draft of this manuscript.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses, or interpretation
of data; in the writing of the manuscript, or in the decision to publish the results. The authors declare no conflict
of interest.

References

1. Alzheimer’s Disease International. World Alzheimer Report 2018. Available online: https://www.alz.co.uk/

reseaech/WorldAlzheimerReport2018.pdf (accessed on 27 November 2019).
2. Cabinet Office. Koureisha Shakai Hakusho 2015. (In Japanese). Available online: https://www8.cao.go.jp/

kourei/whitepaper/w-2016/gaiyou/pdf/1s2s_3.pdf (accessed on 27 November 2019).
3. Ministry of Health, Labour and Welfare. National Livelihood Survey. 2016. (In Japanese). Available online:

https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa16/dl/05.pdf (accessed on 27 November 2019).
4. Montgomery, W.; Goren, A.; Kahle-Wrobleski, K.; Nakamura, T.; Ueda, K. Alzheimer’s disease severity and

its association with patient and caregiver quality of life in Japan: Results of a community-based survey. BMC
Geriatr. 2018, 18, 141. [CrossRef]

5. McCurry, S.M.; Pike, K.C.; Vitiello, M.V.; Logsdon, R.G.; Teri, L. Factors associated with concordance and
variability of sleep quality in persons with Alzheimer’s disease and their caregivers. Sleep 2008, 31, 741–748.
[CrossRef]

6. Knlltson, K.L.; Van Cauter, E. Associations between sleep loss and increased risk of obesity and diabetes.
Ann. N. Y. Acad. Sci. 2008, 1129, 287–304. [CrossRef]

https://en-author-services.edanzgroup.com/
https://www.alz.co.uk/reseaech/WorldAlzheimerReport2018.pdf
https://www.alz.co.uk/reseaech/WorldAlzheimerReport2018.pdf
https://www8.cao.go.jp/kourei/whitepaper/w-2016/gaiyou/pdf/1s2s_3.pdf
https://www8.cao.go.jp/kourei/whitepaper/w-2016/gaiyou/pdf/1s2s_3.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa16/dl/05.pdf
http://dx.doi.org/10.1186/s12877-018-0831-2
http://dx.doi.org/10.1093/sleep/31.5.741
http://dx.doi.org/10.1196/annals.1417.033


Int. J. Environ. Res. Public Health 2020, 17, 2428 9 of 10

7. Mills, P.J.; Ancoli-Israel, S.; von Känel, R.; Mausbach, B.T.; Aschbacher, K.; Patterson, T.L.; Grant, I. Effects of
gender and dementia severity on Alzheimer’s disease caregivers’ sleep and biomarkers of coagulation and
inflammation. Brain Behav. Immun. 2009, 23, 605–610. [CrossRef]

8. von Känel, R.; Dimsdale, J.E.; Ancoli-Israel, S.; Mills, P.J.; Patterson, T.L.; McKibbin, C.L.; Grant, I. Poor
sleep is associated with higher plasma proinflammatory cytokine interleukin-6 and procoagulant marker
fibrin D-dimer in older caregivers of people with Alzheimer’s disease. J. Am. Geriatr. Soc. 2006, 54, 431–437.
[CrossRef] [PubMed]

9. Mausbach, B.T.; Ancoli-Israel, S.; von Känel, R.; Patterson, T.L.; Aschbacher, K.; Mills, P.J.; Grant, I. Sleep
disturbance, norepinephrine, and D-dimer are all related in elderly caregivers of people with Alzheimer
disease. Sleep 2006, 29, 1347–1352. [CrossRef] [PubMed]

10. Gao, C.; Chapagain, N.Y.; Scullin, M.K. Sleep duration and sleep quality in caregivers of patients with
dementia: A systematic review and meta-analysis. JAMA Netw. Open 2019, 2, e199891. [CrossRef] [PubMed]

11. Peng, H.L.; Lorenz, R.A.; Chang, Y.P. Factors associated with sleep in family caregivers of individuals with
dementia. Perspect. Psychiatr. Care 2019, 55, 95–102. [CrossRef]

12. Leggett, A.; Polenick, C.A.; Maust, D.T.; Kales, H.C. “What hath night to do with sleep?” The caregiving
context and dementia caregivers’ nighttime awakenings. Clin. Gerontol. 2018, 41, 158–166. [CrossRef]

13. McKibbin, C.L.; Ancoli-Israel, S.; Dimsdale, J.; Archuleta, C.; von Kanel, R.; Mills, P.; Patterson, T.L.; Grant, I.
Sleep in spousal caregivers of people with Alzheimer’s disease. Sleep 2005, 28, 1245–1250. [CrossRef]

14. Sakurai, S.; Onishi, J.; Hirai, M. Impaired autonomic nervous system activity during sleep in family caregivers
of ambulatory dementia patients in Japan. Biol. Res. Nurs. 2015, 7, 21–28. [CrossRef] [PubMed]

15. Belenky, G.; Wesensten, N.J.; Thorne, D.R.; Thomas, M.L.; Sing, H.C.; Redmond, D.P.; Russo, M.B.; Balkin, T.J.
Patterns of performance degradation and restoration during sleep restriction and subsequent recovery:
A sleep dose-response study. J. Sleep Res. 2003, 12, 1–12. [CrossRef]

16. U.S Department of Health and Human Service. National Plan to Address Alzheimer’s Disease. Available
online: https://aspe.hhs.gov/system/files/pdf/259581/NatPlan2018.pdf (accessed on 27 November 2019).

17. The Auspices of the Australian Health Ministers Advisory Council. National Framework for Action on
Dementia 2015–2019. Available online: https://agedcare.health.gov.au/ageing-and-aged-care-older-people-
their-families-and-carers-dementia/national-framework-for-action-on-dementia-2015-2019 (accessed on 27
November 2019).

18. Public Health Agency of Canada. A Dementia Strategy for Canada: Together We Aspire. Available
online: https://www.canada.ca/en/public-health/services/publications/diseases-conditions/dementia-strategy.
html#s6 (accessed on 27 November 2019).

19. Moriguchi, Y.; Matsumura, C.; Koori, J.; Osanai, H.; Abe, M. Sleeping and waking state of family caregivers
on caregiving days and non-caregiving days. Bull. Kagawa Prefectural Coll. Health Sci. 2005, 1, 57–61.
(In Japanese)

20. Lee, D.; Morgan, K.; Lindesay, J. Effect of institutional respite care on the sleep of people with dementia and
their primary caregivers. J. Am. Geriatr. Soc. 2007, 55, 252–258. [CrossRef] [PubMed]

21. Wu, S.D.; Lo, P.C. Inward-attention meditation increases parasympathetic activity: A study based on heart
rate variability. Biomed. Res. 2008, 29, 245–250. [CrossRef] [PubMed]

22. MacDonald, G. Massage as a respite intervention for primary caregivers. Am. J. Hosp. Pallitat. Care 1998, 15,
43–47. [CrossRef]

23. Cole, R.J.; Kripke, D.F.; Gruen, W.; Mullany, D.J.; Gillin, J.C. Automatic sleep/wake identification from wrist
activity. Sleep 1992, 15, 461–469. [CrossRef]

24. Buysse, D.J.; Reynolds, C.F.; Monk, T.H.; Beman, S.R.; Kuppfer, D.J. The Pittsburgh Sleep Quality Index:
A new instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]

25. Doi, Y.; Miwa, M.; Uchiyama, M.; Okawa, M. Making of the Pittsburgh Sleep Quality Index Japanese version.
Jpn J. Psychiatr. Treat. 1998, 13, 755–763. (In Japanese)

26. Mahoney, F.I.; Barthel, D.W. Functional evaluation: The Barthel index. Md. State Med. J. 1965, 14, 61–65.
27. Baumgarten, M.; Becker, R.; Gauthier, S. Validity and reliability of the dementia behavior disturbance scale.

J. Am. Geriatr. Soc. 1990, 38, 221–226. [CrossRef] [PubMed]
28. Simón, M.A.; Bueno, A.M.; Otero, P.; Blanco, V.; Vázquez, F.L. Caregiver burden and sleep quality in

dependent people’s family caregivers. J. Clin. Med. 2019, 8, 1072. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.bbi.2008.09.014
http://dx.doi.org/10.1111/j.1532-5415.2005.00642.x
http://www.ncbi.nlm.nih.gov/pubmed/16551309
http://dx.doi.org/10.1093/sleep/29.10.1347
http://www.ncbi.nlm.nih.gov/pubmed/17068989
http://dx.doi.org/10.1001/jamanetworkopen.2019.9891
http://www.ncbi.nlm.nih.gov/pubmed/31441938
http://dx.doi.org/10.1111/ppc.12307
http://dx.doi.org/10.1080/07317115.2017.1352057
http://dx.doi.org/10.1093/sleep/28.10.1245
http://dx.doi.org/10.1177/1099800414524050
http://www.ncbi.nlm.nih.gov/pubmed/25504947
http://dx.doi.org/10.1046/j.1365-2869.2003.00337.x
https://aspe.hhs.gov/system/files/pdf/259581/NatPlan2018.pdf
https://agedcare.health.gov.au/ageing-and-aged-care-older-people-their-families-and-carers-dementia/national-framework-for-action-on-dementia-2015-2019
https://agedcare.health.gov.au/ageing-and-aged-care-older-people-their-families-and-carers-dementia/national-framework-for-action-on-dementia-2015-2019
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/dementia-strategy.html#s6
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/dementia-strategy.html#s6
http://dx.doi.org/10.1111/j.1532-5415.2007.01036.x
http://www.ncbi.nlm.nih.gov/pubmed/17302663
http://dx.doi.org/10.2220/biomedres.29.245
http://www.ncbi.nlm.nih.gov/pubmed/18997439
http://dx.doi.org/10.1177/104990919801500109
http://dx.doi.org/10.1093/sleep/15.5.461
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1111/j.1532-5415.1990.tb03495.x
http://www.ncbi.nlm.nih.gov/pubmed/2313003
http://dx.doi.org/10.3390/jcm8071072
http://www.ncbi.nlm.nih.gov/pubmed/31336559


Int. J. Environ. Res. Public Health 2020, 17, 2428 10 of 10

29. Lee, D.; Heo, S.H.; Yoon, S.S.; Chang, D.I.; Lee, S.; Rhee, H.Y.; Ku, B.D.; Park, K.C. Sleep disturbances and
predictive factors in caregivers of patients with mild cognitive impairment and dementia. J. Clin. Neurol.
2014, 10, 304–313. [CrossRef] [PubMed]

30. Von Känel, R.; Mausbach, B.T.; Ancoli-Israel, S.; Dimsdale, J.E.; Mills, P.J.; Patterson, T.L.; Ziegler, M.G.;
Roepke, S.K.; Chattillion, E.A.; Allison, M.; et al. Sleep in spousal Alzheimer caregivers: A longitudinal
study with a focus on the effects of major patient transitions on sleep. Sleep 2012, 35, 247–255. [CrossRef]

31. Taylor, B.J.; Irish, L.A.; Martire, L.M.; Siegle, G.J.; Krafty, R.T.; Schulz, R.; Hall, M.H. Avoidant coping and
poor sleep efficiency in dementia caregivers. Psychosom. Med. 2015, 77, 1050–1057. [CrossRef]

32. Figueiro, M.G.; Hunter, C.M.; Higgins, P.; Hornick, T.; Jones, G.E.; Plitnick, B.; Brons, J.; Rea, M.S. Tailored
lighting intervention for persons with dementia and caregivers living at home. Sleep Health 2015, 1, 322–330.
[CrossRef]

33. Merrilees, J.; Hubbard, E.; Mastick, J.; Miller, B.L.; Dowling, G.A. Sleep in persons with frontotemporal
dementia and their family caregivers. Nurs. Res. 2014, 63, 129–136. [CrossRef]

34. Task Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology. Heart rate variability: Standards of measurement, physiological interpretation, and
clinical use. Eur. Heart J. 1996, 17, 354–381. [CrossRef]

35. Baharav, A.; Kotagal, S.; Gibbons, V.; Rubin, B.K.; Pratt, G.; Karin, J.; Akselrod, S. Fluctuations in autonomic
nervous activity during sleep displayed by power spectrum analysis of heart rate variability. Neurology 1995,
45, 1183–1187. [CrossRef]

36. Honda, Y.; Takahashi, K.; Takahashi, S.; Azumi, K.; Irie, M.; Sakuma, M.; Tsushima, T.; Shizume, K. Growth
hormone secretion during nocturnal sleep in normal subjects. J. Clin. Endocrinol. Metab. 1969, 29, 20–29.
[CrossRef]

37. Van Cauter, E.; Spiegel, K.; Tasali, E.; Leproult, R. Metabolic consequences of sleep and sleep loss. Sleep Med.
2008, 9, 23–28. [CrossRef]

38. Ohkubo, T.; Imai, Y.; Tsuji, I.; Nagai, K.; Watanabe, N.; Minami, N.; Kato, J.; Kikuchi, N.; Nishiyama, A.;
Aihara, A.; et al. Relation between nocturnal decline in blood pressure and mortality. The Ohasama Study.
Am. J. Hypertens. 1997, 10, 1201–1207. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3988/jcn.2014.10.4.304
http://www.ncbi.nlm.nih.gov/pubmed/25324879
http://dx.doi.org/10.5665/sleep.1632
http://dx.doi.org/10.1097/PSY.0000000000000237
http://dx.doi.org/10.1016/j.sleh.2015.09.003
http://dx.doi.org/10.1097/NNR.0000000000000024
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a014868
http://dx.doi.org/10.1212/WNL.45.6.1183
http://dx.doi.org/10.1210/jcem-29-1-20
http://dx.doi.org/10.1016/S1389-9457(08)70013-3
http://dx.doi.org/10.1016/S0895-7061(97)00274-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Outcome Measures 
	Sleep/Waking 
	Autonomic Nervous System Activity 
	Questionnaires 

	Ethical Considerations 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Sleep Status on Caregiving Day 
	Comparison of Sleep on Caregiving Days and Respite Days 

	Discussion 
	Participant Characteristics 
	Caregiver Sleep Characteristics 
	Comparison of Caregiver Sleep on Caregiving and Respite Days 
	Study Limitations 

	Conclusions 
	References

